Background {#Sec1}
==========

Overweight and obesity in children continues to be a major public health concern worldwide \[[@CR1], [@CR2]\]. Overweight children and adolescents are likely to become overweight adults \[[@CR3], [@CR4]\]. Excess weight gain during childhood and adolescence is associated with increased risk of numerous noncommunicable diseases (such as cardiovascular diseases, type 2 diabetes and some cancers) throughout the life-course, resulting in a significant economic burden on healthcare systems \[[@CR2], [@CR5]--[@CR8]\]. In addition to the immediate and long-term adverse health consequences, childhood overweight and obesity also has negative impacts on children's self-esteem, confidence and academic performance \[[@CR9], [@CR10]\].

The prevalence of childhood overweight and obesity has increased substantially since the 1970s and has reached an alarming level in many countries \[[@CR1], [@CR11]\]. In 2017--18, almost one in four (25%) Australian children and adolescents aged 5--17 were overweight or obese \[[@CR12]\]. Consumption of sugar-sweetened beverages and fast food, inadequate physical activity, and excessive screen time have been identified as risk factors for excess weight gain in children \[[@CR13]\]. In developed countries, socioeconomic disadvantage in childhood has been shown to be associated with increased risk of overweight and obesity \[[@CR14]--[@CR18]\]. The mechanisms through which socioeconomic background influences weight status in children are still unclear \[[@CR15]\].

Given the significant public health implications, it is essential to monitor the weight status of children and associated risk factors. Although some recent reports have shown that, in Australia and other developed countries, the weight status of some age groups of children and adolescents are stabilising \[[@CR1], [@CR2], [@CR19]--[@CR22]\], other studies suggest that the trend may vary by socioeconomic status (SES) \[[@CR13], [@CR23], [@CR24]\]. Public health policies and intervention programs designed to change the obesogenic environment and promote lifestyle change in children may have different outcomes across socioeconomic subgroups \[[@CR25]\].

Using data from a triennial survey of Year 6 students, the aim of the current study was to examine the trends in prevalence of overweight and obesity among children in the Australian Capital Territory (ACT) between 2006 and 2018. Differences in prevalence and trends across sex and socioeconomic groups, as well as behavioural factors associated with excess weight gain in children (such as physical activity, sedentary behaviour, and consumption of SSD and fast food), are investigated. Few studies of recent trends in weight status of children by socioeconomic status have been reported in Australian populations \[[@CR23], [@CR26]\]. A better understanding of the socioeconomic and behavioural factors associated with excess weight gain in children will enable more effective prevention strategies to be developed.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

Data from a triennial surveillance study of a representative sample of Australian Capital Territory (ACT) Year 6 students, undertaken between 2006 and 2018, were used. The ACT is in the south-east of Australia and contains Canberra, the capital city of Australia. Apart from a change in 2015 from pen and paper questionnaires to tablets, the survey methods were the same in all years.

A single-stage cluster sampling design was used. To ensure proportional representation, schools were first stratified by education sector (i.e. government and non-government) and then a sample of schools were randomly selected in proportion to the ratio of Year 6 children for each school sector. Principals of selected schools were contacted to obtain permission to conduct the survey. If a principal declined to participate, a school from the same school sector (which was selected and kept in reserve at the same time as the main sample) was approached as a replacement school. All Year 6 children of selected schools were invited to take part in the study. The selected schools distributed a letter to parents to inform them of the study and seek permission for their child to participate. Only parents who declined their child's participation were required to respond (i.e. opt-out consent). Students could also choose not to participate at any stage throughout the study. The overall participation rate ranged from 85.5% in 2006 to 88.5% in 2018. A total of 6729 children were surveyed in 2006, 2009, 2012, 2015 and 2018; of these, 98.6% were aged 11--12 years (Table [1](#Tab1){ref-type="table"}). The study was approved by the ACT Health Human Research Ethics Committee. Table 1Characteristics of the survey participantsCharacteristicsNumber (unweighted proportion %)Total20062009201220152018Sex Boys3390 (50.4)577 (49.2)666 (48.5)645 (48.4)753 (55.6)749 (50.2) Girls3333 (49.6)596 (50.8708 (51.5)687 (51.6)600 (44.4)742 (49.8)Age 114843 (72.0)827 (70.3)1003 (73.0)963 (72.1)980 (72.4)1070 (71.8) 121794 (26.6)327 (27.8)355 (25.8)355 (26.6)351 (25.9)406 (27.2) 10 or 1392 (1.4)22 (1.9)16 (1.2)17 (1.3)22 (1.7)15 (1.0)Indigenous Status Indigenous250 (3.7)43 (3.7)56 (4.1)38 (2.9)53 (3.9)60 (4.0) Non-Indigenous6479 (96.3)1133 (96.3)1318 (95.9)1297 (97.1)1300 (96.1)1431 (96.0)School Sector Government3905 (58.0)764 (65.0)904 (65.8)769 (57.6)759 (56.1)709 (47.6) Non-government2823 (42.0)411 (35.0)470 (34.2)566 (42.4)594 (43.9)782 (52.4)

Data collection {#Sec4}
---------------

In each survey year, trained survey staff administered the questionnaire to students and conducted height and weight measurements on the school premises. In addition to basic demographic data, such as sex, date of birth and Indigenous status, information about children's diet, physical activity and sedentary behaviours was collected in the survey questionnaire.

Weight measurement {#Sec5}
------------------

Body weight was measured to the nearest 0.1 kg using calibrated digital scales without shoes or heavy clothing. Height was measured to the nearest 0.1 cm using a stadiometer with full extended knees and shoes off. Body mass index (BMI) was calculated by dividing the weight in kilograms by squared height in metres, and then weight status of children were categorised as underweight, normal weight, overweight or obese according to the international cut-offs for children developed by the International Obesity Taskforce for age and sex that correspond to the adult cut-offs of 25 for overweight and 30 for obesity \[[@CR27]\].

Physical activity and sedentary behaviour {#Sec6}
-----------------------------------------

Physical activity was measured by the question: 'Over the past seven days (or a typical week), on how many days were you physically active for a total of at least 60 minutes per day?' For sedentary behaviour, the questions were: 'About how many hours a day on weekdays (or weekends) do you usually watch television (including videos and DVDs) in your free time?' and 'About how many hours a day on weekdays (or weekends) do you usually use a computer (for playing games, emailing, chatting or surfing the internet, excluding school related work) in your free time?'

Sugar-sweetened soft drink (SSD) and fast food consumption {#Sec7}
----------------------------------------------------------

Frequency of SSD and fast food consumption were measured by the questions: 'How often do you usually drink soft drink or other sugar-sweetened soft drinks (e.g. Coke, Pepsi, lemonade and cordial)?' and 'How often do you eat food from a fast food outlet (e.g. McDonalds, KFC, pizza and Hungry Jacks)?' For both, the response options were: never, less than once a week, about 1--3 times a week, about 4--6 times a week and every day. The Australian standard definition of sugar-sweetened beverages (SSB) includes sugar-sweetened soft drinks and cordials, fruit drinks, vitamin waters, energy and sports drinks \[[@CR28]\]. However, for this paper, we restricted our definition to sugar-sweetened soft drinks and cordials and chose to use the abbreviation SSD because the questions about consumption of fruit drinks, vitamin waters, energy and sports drinks were only included in the 2015 and 2018 surveys.

Socioeconomic status {#Sec8}
--------------------

For socioeconomic status, the Index of Community Socio-Educational Advantage (ICSEA) was used as an approximation. ICSEA is an aggregate measure at the school-level indicating the scale of socio-educational advantage of all students attending a school \[[@CR29]\]. The calculation of ICSEA is based on information relating to parents' occupation and education, school geographical location and the proportion of Indigenous students \[[@CR29]\]. A lower school ICSEA value indicates a lower level of educational advantage, on average, for students attending the school. Quintiles were calculated based on the distribution of ICSEA scores, ranging from the 20% least advantaged (quintile 1) to the 20% most advantaged (quintile 5).

Statistical analysis {#Sec9}
--------------------

Descriptive analyses were conducted to characterise the survey sample and distribution of risk factors. Post-stratification sampling weights were calculated to match the population benchmark of ACT Year 6 children by school sector, age and sex. Trends in prevalence of overweight and obesity were examined using logistic regression, taking into account the sampling design and weighting. Statistical significance was determined at *p* value \< 0.05 and 95% confidence intervals (CI) for estimated proportions were reported.

Logistic regression was used to assess associations between risk factors and weight status (overweight and obesity), adjusting for sex, Indigenous status, ICSEA quintiles and selected behavioural factors. Because ICSEA is measured at the school level, multilevel model approach was used. Based on the significance of individual predictors (*p* \< 0.05) and the goodness of fit of the model (Akaike information criterion values), a stepwise regression method was used for selecting variables for inclusion in the multiple regression model. Adjusted prevalence ratios were derived from the fitted logistic regression model \[[@CR30]\]. All statistical analyses were conducted using Stata 15.1 (StataCorp, College Station, TX, USA).

Results {#Sec10}
=======

A total of 6729 Year 6 school children were surveyed between 2006 and 2018. Complete data on height and weight measurements were available for 6384 (94.9%) participants; of these, 1139 (17.8%) were classified as overweight and 303 (4.8%) as obese. Table [1](#Tab1){ref-type="table"} summarises the characteristics of the study population.

Over the 12-year period, the estimated prevalence of overweight and obesity remained stable for girls, from 22.5% (95% CI: 18.6--27.0%) in 2006 to 21.6% (CI: 17.5--26.3%) in 2018 (Fig. [1](#Fig1){ref-type="fig"}a). For boys, however, prevalence of overweight and obesity significantly declined from 27.8% (CI: 23.1--33.0%) in 2006 to 17.9% (CI: 15.2--21.0%) in 2018 (Fig. [1](#Fig1){ref-type="fig"}a). Fig. 1Prevalence of overweight and obesity in ACT Year 6 children, 2006--2018 by sex (**a**) and by quintiles of Index of Community Socio-Educational Advantage (ICSEA) (**b**). Error bars indicate 95% confidence intervals for weighted proportions

Trend analyses by ICSEA showed that the gap between the highest and the lowest socio-economic groups has widened in recent years (Fig. [1](#Fig1){ref-type="fig"}b). From 2009 onwards, prevalence of overweight and obesity remained highest in the lowest ICSEA quintile, whereas a significant downward trend was observed in the highest ICSEA quintile (Fig. [1](#Fig1){ref-type="fig"}b). For the moderate ICSEA groups (quintiles 2--4), prevalence of overweight and obesity was stable between 2009 and 2018.

There was a slight non-significant increase in the proportion of children reporting doing at least 60 min per day of physical activity for 5--7 days per week (Fig. [2](#Fig2){ref-type="fig"}a). The proportion of children spending less than 1 h per day watching TV and using a computer on weekdays also increased significantly, from 16.0% (95% CI: 14.0--18.2%) in 2006 to 38.5% (CI: 35.1--42.1%) in 2018 (Fig. [2](#Fig2){ref-type="fig"}b). There were significant increases, too, in the proportions of children reporting consuming less than one sugar-sweetened soft drink (SSD) per week (from 54.3% (CI: 49.8--58.8%) in 2006 to 75.0% (CI: 71.0--78.6%) in 2018, Fig. [2](#Fig2){ref-type="fig"}c) and never eating from a fast food outlet (from 11.7% (CI: 9.5--14.4%) in 2006 to 19.5% (CI: 15.3--24.6%) in 2018, Fig. [2](#Fig2){ref-type="fig"}d). Fig. 2Prevalence of weight-related risk factors in ACT Year 6 children, 2006--2018. **a** Days per week of physical activity for at least 60 min per day; **b** Screen time per day on weekdays; **c** Frequency of sugar-sweetened drinks per week; and **d** Frequency of fast food consumption per week. Error bars indicate 95% confidence intervals for weighted proportions

Levels of physical activity differed by sex, with 62.0% (95% CI: 59.2--64.8%) of boys reporting doing physical activity for 5--7 days per week, compared to 49.0% (95% CI: 46.3--51.6%) of girls. Boys (30.0%; CI: 28.0--32.1%) were more likely than girls (18.8%; CI: 17.3--20.4%) to meet the physical activity guideline of at least 60 min every day.

Figure [3](#Fig3){ref-type="fig"} shows the prevalence of overweight and obesity by selected demographic and behavioural factors. Prevalence was significantly higher among Indigenous children, those in the lower ICSEA quintiles, and those reporting lower levels of physical activity, higher amounts of screen time and greater fast food and SSD consumption (Fig. [3](#Fig3){ref-type="fig"}). The unadjusted and adjusted relative risks for being overweight or obese associated with selected demographic and behavioural risk factors are presented in Table [2](#Tab2){ref-type="table"}. Fast food and SSD consumption, physical activity, and sedentary behaviours were independently associated with overweight and obesity (Table [2](#Tab2){ref-type="table"}). In the model adjusting for sex, Indigenous status, ICSEA quintiles and selected behavioural factors, higher screen time and lower physical activity were associated with a significantly increased risk of being overweight or obese (Table [2](#Tab2){ref-type="table"}). However, after adjusting for other factors, the associations with SSD and fast food consumption were no longer significant, so they were not included in the final multiple regression model (Table [2](#Tab2){ref-type="table"}). This change in statistical significance is likely due to the co-occurrence (correlation) of health-related risk factors in children. Fig. 3Prevalence (%) of overweight and obesity in ACT Year 6 children by selected demographic and behavioural factors, 2006--2018. Statistically significant differences comparing to the reference group (the first category) for the prevalence of overweight and obesity combined were indicated by \* (*p* \< 0.05) and \*\* (*p* \< 0.01). ICSEA: Index of Community Socio-Educational Advantage Table 2Unadjusted and adjusted prevalence ratios for overweight and obesity associated with selected demographic and behavioural factors in ACT Year 6 children, 2006--2018CharacteristicsPrevalence Ratios (95% CI)UnadjustedAdjusted^a^Demographic factors Sex  BoysRef.Ref.  Girls0.93 (0.85, 1.02)0.90 (0.82, 0.98) Indigenous status  Non-IndigenousRef.Ref.  Indigenous1.51 (1.25, 1.83)1.44 (1.19, 1.76) ICSEA quintile (school-level)  Highest (least deprived)Ref.Ref.  Fourth1.20 (1.02, 1.41)1.19 (0.97, 1.46)  Third1.29 (1.09, 1.52)1.27 (1.03, 1.55)  Second1.50 (1.29, 1.75)1.36 (1.12, 1.65)  Lowest (most deprived)1.66 (1.43, 1.94)1.52 (1.25, 1.84)Behavioural factors Physical activity (60 m/d)  6--7 days per weekRef.Ref.  3--5 days per week1.37 (1.24, 1.53)1.35 (1.21, 1.51)  0--2 days per week1.64 (1.44, 1.86)1.56 (1.37, 1.78) TV and computer time weekdays  0--1 h per dayRef.Ref.  2--4 h per day1.38 (1.25, 1.52)1.29 (1.17, 1.43)  5 h or more1.63 (1.40, 1.89)1.44 (1.23, 1.68) Sugar-sweetened drink consumption^b^  NeverRef.--  Less than once a week1.15 (1.00, 1.33)--  1--3 times a week1.30 (1.11, 1.52)--  4--6 times a week1.32 (1.08, 1.61)--  Everyday1.58 (1.25, 2.00)-- Fast food consumption^b^  NeverRef.--  Less than once a week1.10 (0.96, 1.26)--  1--3 times a week1.23 (1.04, 1.44)--  4 times a week or more1.31 (1.01, 1.71)--^a^Adjusted for sex, Indigenous status, ICSEA (Index of Community Socio-Educational Advantage), physical activity and screen time^b^Stepwise regression method was used for selecting variables for inclusion in the multiple regression model. SSD and fast food consumption were not included in the final model because, after adjustment for other factors, the associations were no longer significant

SES gradient, as measured by school-level ICSEA, was highly associated with risk of being overweight or obese (Table [2](#Tab2){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}). Children in the lowest ICSEA quintile (most deprived) were more likely to be overweight and obese compared to those in the moderate and highest ICSEA quintiles (Table [2](#Tab2){ref-type="table"}). Children in the lower ICSEA quintiles also reported lower physical activity, higher screen time and greater fast food and SSD consumption compared to those in higher ICSEA quintiles (Fig. [4](#Fig4){ref-type="fig"}). Fig. 4Association between ICSEA (Index of Community Socio-Educational Advantage) and the proportion of children reporting 6--7 days per week of physical activity for at least 60 min per day (blue circles and line), 3 or more hours per day of screen time on weekdays (red circles and line), 4 or more times per week of sugar-sweetened drinks consumption (orange circles and line), and more than once per week of fast food consumption (green circles and line). Error bars indicate 95% confidence intervals

There was large variance in the prevalence of overweight and obesity among schools. The multilevel regression analysis showed that the selected demographic and behavioural factors explained the majority (71.2%) of variance across schools.

Discussion {#Sec11}
==========

Based on ACTPANS data for ACT Year 6 children, aged mainly 11--12 years, from 2006 to 2018, prevalence of overweight and obesity remained stable in girls but declined in boys. The reasons for the differences by sex in trends of overweight and obesity in this study are unclear. Boys and girls differ in body composition, patterns of growth, hormone biology, as well as susceptibility to certain social, cultural, and environmental factors \[[@CR31], [@CR32]\]. However, studies of gender differences in weight status and lifestyle behaviours at various childhood developmental stages are limited \[[@CR31], [@CR33], [@CR34]\]. In the current study, levels of physical activity differed by gender, with a higher proportion of boys (30.0%) meeting the physical activity guidelines compared to girls (18.8%). Differences between boys and girls in levels of physical activity and other lifestyle choices have also been reported previously \[[@CR33]--[@CR35]\]. It has been suggested that gender differences should be considered in intervention programs designed to promote behavioural change in children \[[@CR33], [@CR36]\].

There is also evidence from other recent studies conducted in Australia and other developed countries of a plateau or, even, a decline in prevalence of overweight and obesity in children and adolescents \[[@CR1], [@CR19]--[@CR23], [@CR37]\]. It has been postulated that these trends reflect a positive effect of public health campaigns designed to prevent excess weight gain in children at the local, state and national level \[[@CR38], [@CR39]\]. Since 2012, a range of health promotion programs have been developed and implemented in the ACT to promote physical activity and healthy eating in school children \[[@CR40]\]. For example, the *Ride or Walk to School* program was launched in 2012 to build capacity of schools to actively support and encourage students to ride or walk to school. Additional funding was committed to expand the program and, as of May 2019, 65% (84 of the 128) of primary and high schools in the ACT are participating. Further, the *ACT Public School Food and Drink Policy 2015* was implemented to prevent the sale of sugary drinks in ACT government schools \[[@CR40]\]. Some non-government schools have also adopted this policy, although it is not mandated.

Analysis of the ACTPANS data indicated a reduction in unhealthy behaviours that contribute to overweight and obesity between 2006 and 2018. For example, concurrent with a slight increase in physical activity, screen time and frequency of fast food and SSD consumption decreased over the same period. Consistent with other studies \[[@CR13], [@CR41]\], our findings confirm that physical activity, screen time, and consumption of SSD and fast food are important predictors of childhood weight status. However, because health-related risk behaviours tend to co-occur in children and adolescents \[[@CR13], [@CR41]\], the relative importance of individual factors in the development of overweight and obesity is difficult to determine.

In the current study, socioeconomic status, based on school ICSEA, was significantly associated with excess weight in ACT Year 6 school children. The socioeconomic gradient in childhood overweight and obesity has been reported previously \[[@CR14]--[@CR18]\]. Of greater concern is the widening socioeconomic inequalities in recent years. Since 2006, the estimated prevalence of overweight and obesity has remained high in the lowest SES groups, but a concurrent downward trend was observed in the highest SES group, leading to increasing disparity between SES groups.

The effect of SES is generally understood to be mediated through differences in weight-related behaviours \[[@CR17], [@CR37], [@CR42], [@CR43]\]. Compared to those from high SES background, ACT Year 6 children of low SES background reported lower levels of physical activity, higher levels of screen time and greater fast food and SSD consumption. These differences may reflect difficulties experienced by lower socio-economic groups in receiving or actively responding to health promotion messages \[[@CR23], [@CR25], [@CR37]\]. This lack of effectiveness in low SES groups, which has the unintended effect of widening inequality \[[@CR23], [@CR44]\], suggests that more targeted intervention strategies or regulations are needed. The context in which a child lives involves complex interactions among individual, family, school and community factors. Intervention studies suggest that effective healthy lifestyle promotion in children requires multiple setting approaches, combining education, environmental change and family involvement \[[@CR15], [@CR45]--[@CR47]\]. Several studies highlight the importance of family influence in promoting healthy life behaviours in children and support the development of health promotion strategies and interventions involving families \[[@CR43], [@CR47]--[@CR50]\].

In the current study, diet, physical activity and sedentary behaviours were assessed using self-reported questionnaires, which are prone to recall bias. School-level ICSEA was used to approximate student's SES background because family SES measures, such as parents' education, occupation and income, at the individual level were not collected in the ACTPANS data. ACT schools have higher ICSEA scores relative to the national average. The ICSEA values for sampled schools ranged from 954 to 1184 with an average of 1095, whereas the national average is 1000; thus, the socioeconomic effect may not be accurately represented in these results. Over time, there was a slight increase in the proportion of children from non-government schools in the sample; however, this has been adjusted for using post-stratification sampling weights. Due to the correlation among weight-related risk factors, the relative importance of each factor is also not well captured. Strengths of our study include the large representative sample, high response rate and measured, rather than self-reported, height and weight. The multilevel modelling method used in the study allows for the adjustment of factors at different levels that may confound the association between weight status and the selected exposures.

Conclusion {#Sec12}
==========

Recent trends in childhood overweight and obesity in the ACT are promising and may reflect the positive effect of public health efforts to halt the epidemic rise in overweight and obesity in children. However, prevalence of overweight and obesity remains unacceptably high, especially in those from low socioeconomic backgrounds. Additional prevention efforts are required to achieve substantial improvement and address the socioeconomic disparity.
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